A novel control platform for the permanent magnet linear synchronous motor (PMLSM) drive system has been built up based on virtual instrument (VI) and relavant data acquisition card (DAQ) devices. In the traditional control platform, it mostly depends on digital signal processor (DSP), which needs a lot of time to further develop the interface between the personal computer (PC) and operators, and its computational capability is not strong than computer. To overcome these shortages, a novel control platform is presented on the base of one PC, one LabVIEW, and one multifunctional data acquisition card. Firstly, a space vector pulse width modulation (SVPWM) signal source is executed in the VI. Then in order to improve the precision of control system, the field oriented control (FOC) is proposed for the PMLSM. Finally comprehensive experiments verify with relative simulations.
Introduction
Based on its notable advantages, such as high speed and high precision in long distance locations, high thrust force and reliability, permanent magnet linear synchronous motor (PMLSM) is widely used in servo drives. However, it is known that PMLSM is heavily influenced by mechanical parameter variations and external load disturbance in the drive process. In order to increase its drive performance, a high precision control system is an indispensable component. For a traditional control platform of PMLSM, Digital Signal Processor (DSP) is the core of the control system, and it can get good excellent performance [1] - [3] . However, this kind of control platform has some disadvantages, such as spending too much time on developing the interface program between personal computer (PC) and DSP. If the displayed parameters of the system need to modification, the program of PC interface should be rewritten with great repetitive working. Besides, the computing capability of PC is rarely used in the hardware platform although PC has more computing capability than DSP. To overcome these drawbacks, a novel control platform based on virtual instrument (VI) is proposed in this paper. For the powerful graphical language in LabVIEW software, the development of this platform is easier than using DSP, which can change the ways collecting parameters expediently according to different practical situations. Compared with the DSP controlled platform, this kind of platform would get the same results with shorter developing cycles and more friendly interfaces. Moreover, all the parameters can be displayed during the process of actual debugging duration.
This paper firstly introduces simulation models and results of field oriented vector control (FOC) of PMLSM though Matlab/simulation. Then, a space vector pulse width modulation signal source based on VI is introduced. In addition, compared with the simulation, one platform is developed using LabVIEW. Finally, a lot of measurements are presented to verify theoretical analysis. Fig.1 show the simulation module of control system based on FOC [4] . The parameters of designed PMLSM are: M=10 kg, R=10 Ω, B=0.1, =45 mm, L d =L q =10 mH, and  f =0.5 Wb. The SVPWM switching period T s is 0.0001s, and the DC bus voltage of inverter is 280V. Fig. 2 shows the result of the simulation for the FOC system, and the starting velocity is set as 0.4m/s. Fig.2 (a) is the three phase current during the operation of the motor. Fig.2 (b) is the speed of the mover under the set point. It has a good result of control system in need of little time to reach the set value, and suffers lower fluctuate. Fig.2 (c) is the displacement and electrical angle of mover vs. time. 
Simulation of Control System

Control System of the PMLSM
The structure of the control and measurement system is shown in Fig. 3 . This novel platform based on LabVIEW can drive PMLSM flexibly by choosing several parameters, including velocity, displacement, and direction of motion, and period of SVPWM in the front panel of system. The entire process can be also displayed for the operator in time.
Hardware of Platform.The primary (stator) and secondary (rotor) of the PMLSM are composed of three-phase copper windings and permanent magnets, respectively. The moving short secondary includes 4 NdFeB permanent magnets with alternate magnetic poles along moving direction and their back iron. The main parameters of the PMLSM are listed in Table 1 . Fig. 4 shows the physical map of the whole testing platform. Except for the PMLSM, the platform consists of "data collection", "data processing", and "control output". In "data collection", it has two kinds of sensors, i.e. magnetic ruler (GIVI MTS H25C) and current sensors (Tamura L07P015A). For the magnetic ruler, the most difficult thing is how to install and correct the equipment as required. For the current sensors, low-pass filter of RC should be used before data acquisition (DAQ) card (PCI-6221) getting the three-phase current single, preferably.
"Data processing" works in PC based on LabVIEW according to the algorithm of FOC. The core of platform is PC, which can get the information of operation by analog input (AI) of PCI-6221 and output the single of SVPWM by digital output (DO) of PCI-6221. Software of the Testing Platform. Fig. 5 shows the block diagram of field oriented vector control system. In this control system, stator currents i a and i b (i c ) are measured using current sensor. Then they are transformed into i q , i d in the d-q frame through the Clarke and the Park transformations. Then i q , i d can be used as the negative feedback quantities for the electric current loop.
The deviation between the given speed and the feedback speed V is regulated through the velocity controller. The output is q axis reference component i qref to control the torque. The deviations between i qref , i dref and relevant current feedback quantites i q , i d go through the flux and torque controller, and respective output phase voltage U q and U d . Then they are transformed into the stator phase voltage vector components U α and U β through inverse Park transformation. If the stator phase voltage vectors U α and U β are known, it can use the SVPWM technique to produce PWM signals to control the inverter smoothly, and felxibly modify the drive performance of the PMLSM. Fig.6 shows the flow chart of field oriented vector control system. Because LabVIEW is a kind of software that can use multiple threads, the collection of current and displacement would proceed simultaneously. In the practice programming, there have two frames in control system based on FOC. The first frame block diagram is shown in Fig. 7 . From this figure, it can be seen that the frame has three functions, i.e. collecting current and displacement, the Clarke and Park transformation, PID control for speed and current. Fig. 8 shows the second frame of while cyclic sentence with the block diagram. According to U α and U β calculated in the first frame, the main function of this part is to produce SVPWM signals.
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The whole block diagram of "SVPWM. vi" is shown in Fig. 10 . The waveform of 3-phase output voltage of inverter is shown in Fig. 11 . The colorized lines in the figure are the RMS of the output voltages. Their amplitude are 100 V, frequency is 10 Hz, and their phase difference is 120 o . So the output voltage of inverter can be controlled by the developed SVPWM module.
Experiments and Analysis
An experiment of step speed response has been done to check the effectiveness of the proposed control system and algorithm. In this experiment, the set point of velocity is 0.4 m/s. Fig. 12 is the result of the experiment when the motor operates stably. Fig.12 (a) is the curve of velocity of mover, in which there is a little oscillation in the velocity tracking process. There is a little difference between the experiment and simulation, which is caused by the end effect and the asymmetrical air gap. Core materials and the position of winding of the PMLSM are asymmetrical. Fig.12 (b) and Fig.12 (c) are the results of displacement and electrical angle during the operation. From the figure, the curves of displacement and electrical angle are smoothly, which contributes to the effective operation. Improving the measure precision of displacement is one of most important ways to get a precise control for the drive system. Fig.12 (d ) -(f) are the curves of 3-phraes current during the operation. The influences of f pwm on the precision of speed are investigated by changing the f pwm from 0.5 kHz to 1.25 kHz, which is shown in Fig.14. Increasing the f pwm is one of effective ways to improve the precision of control system; however it demands strict hardware design. Taking many factors into consideration, f pwm is set as 1 kHz in this platform. In order to get excellent drive performance, one data is got in one PWM period.
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Conclusions
In this paper, one new platform to execute the SVPWM technique for a 3-phase voltage inverter using a LabVIEW and a low cost multifunctional DAQ card has been built up. Afterwards, it further proposes a new speed controller considering the FOC algorithm for the PMLSM drive system base on VI. Compared to the traditional hardsware environment, the new platform demonstrates the following traits: i). the SVPWM technique based on LabVIEW can be widely used in the control system; ii). the control ability of the proposed control platform is effective; and iii). the testing platform is friendly and easy for re-development according to the practical project requirements.
